Urbanization and human activities cause higher air temperatures in urban areas than the urban climate. This study uses remote sensing data to observe this urbanization and its surrounding areas. The high temperature can cause problems to the environment, such as high energy consumption on cooling, raised air pollution levels and changes in land use and the creation of a heat island in Bangkok Metropolis, Thailand. This study found that the urban heat island (UHI) problem is caused by the large size of the urban area and sparse vegetation and water resources. Some strategies and approaches are raised in this paper in order to reduce the problem.
Introduction

Issue and problems statement
Because of urbanization, many cities in the world are suffering from many environmental problems. The urban heat island (UHI) is one of the problems that are caused by urbanization. Monitoring of the temperature in the area has revealed that it is estimated to increase by 2-3°C every year. In addition, the global population has increased six times during the last two hundred yearsurban population has grown 128 times (Emmanuel [20] refer to cf. Schell, et al. 1993) . Therefore, the global urban population is expected to outnumber the rural www.witpress.com, ISSN 1743-3541 (on-line) population (Oke [16] ). The urbanization phenomenon has happened less in developing countries than in developed countries.
The pattern of city growth is dynamic and rapid (increasing in size), due to the urban population increasing and an uneven distribution pattern of resources to support life. This brought about the concentration of population and changing of the existing land use in the city: green areas (agriculture, vegetation, open space), and wet lands have been transferred to residential, commercial, and industrial areas. The decreasing of open space also reduces the level of humidity in the atmosphere. The construction in tropical cities did not take into account the style, height and orientation of buildings in relation to the direction of the prevailing wind. Some buildings block wind and reflect solar radiation amongst the buildings, wall, and ground, depending on the respective materials of the buildings and streets. Dark colours, roughness and matt materials absorb heat yet are unable to reflect radiation as well as light colours, smooth and shiny material. Human activities, such as travelling and construction, generate dust and smog, which blocks ventilation. All these factors together contribute towards a phenomenon called "heat island".
The heat island phenomenon increases the already high temperature of the city even further, which is brought about by air and water pollution and changes in human activities. People do not want to be exposed to the outdoor environment; they would prefer to live inside buildings and with airconditioning. These patterns of living further increase energy consumption (electric, water and petroleum) and deteriorate the health condition of citizens in the city.
This research aims to study the nature of the heat island in Bangkok Metropolis, analyzing the relationship between the pattern of land use and the heat island attributes. It aims to elucidate the process, the pattern and the impact of the heat island phenomena to find an appropriate strategy and approach to control the environment exploiting the heat island pattern.
Objectives of the study
The objectives of the study are: 1. To study the process and pattern of the heat island phenomenon under the context of the Bangkok Metropolis. 2. To derive a means by which to manipulate the heat island phenomenon to reduce temperature, energy consumption and pollution under the context of the Bangkok Metropolis. 3. To find a strategy and approach to managing the environment under the context of the Bangkok Metropolis.
Scope of the study
The UHI problem in this paper will be addressed in the Bangkok Metropolis and its surrounding provinces, which are representative of urban, suburban and rural areas. The size of cities is determined by areas of continuous structures without www.witpress.com, ISSN 1743-3541 (on-line) other separate land use, especially agriculture, recreation and parks; water resources are used as the boundary line.
In addition, this study is limited by satellite-image data (LANDSAT 5-TM and SPOT) because of the lack of prospected data (different periods of satelliteimage data). This may cause some difficulties in comparing and analysing data. Likewise, time and budget limitations are taken into an account in order to reach completion of the study. Thus, the selected study area and field survey strategies are applied in this research.
Definition
The UHI: a reflection of the micro-climate changes brought about by human alterations to the earth's surface in densely populated areas. It is a good indicator of the sensitivity of the climate system to human interference on a local level. It is a complex, site and episode-specific phenomenon and can vary in time and space. 
Methodology
The following methodology applied in the study forms the basis of reference towards the objective of the study, whereby it is aimed at researching the process and pattern of the heat island under the context of the Bangkok Metropolis. 1. Collection of primary microclimate data. 1.1 In order to acquire existing temperature data in the study area, three automobile thermographs (OPUS-200) were installed in three vans. These vans were driven on assigned routes in order to explore temperature. The temperature collecting time in this study is 10 p.m., which is assumed to be at least four hours after sunset. It is the highest heat period in a day because of the diffuse to air temperature. 1.2 Explore temperatures in different periods of the week. This research selected two representing days of the week -a weekday and a weekend. Wednesday is represented as a weekday, which is representative of the most accumulated energy in a day, whereas Sunday is represented as a weekend, which is representative of the least accumulated energy in a day. 1.3 The position level of the sensor thermograph is 150 centimetres from the ground. 1.4 Determine three routes that cover the study area, Route 1 is north to south, Route 2 is lower east to west and Route 3 is upper east to west. The assigned route map is shown in figure 2. The assigned route map for collecting temperature data. using a ground truth sample. Use of binominal probability theory to sample at least an error percentage of points (36 points, as shown in figure 3 ) and sampling of imagery points by cluster sampling (Campbell [4] 
Results and discussion
Land use changes over 20 years (1987-2007)
The study area is 9,728.275 sq. kilometres. Land use can be divided into eight types: urban and commercial, residential, industrial, forestry, parks and recreation areas, agriculture, water resources and open spaces. Table 1 shows the land use changes from 1987 to 2007. The three types of land use have increased during the study period; urban and commercial areas, residential areas, and industrial areas -49.35%, 134.69%, and 170.20%, respectively. These land uses were relative to main transportation by cluster along the Chao Phraya River. At present, they are distributed along roads and almost expand to south of the Bangkok Metropolis close to the Samutprakarn province and west of the Bangkok Metropolis close to the Nakornpatom province and Samutsakorn province.
On the other hand, agriculture areas, forestry areas and water resource areas have decreased during the same time -17.40%, 44.18%, and 42.13%, respectively. These areas have become urban and commercial, industrial and residential areas as a result of the population's demands.
Size and features of the city effect the pattern of heat island phenomenon
The size and features of the city affect the clusters of heat and the pattern of the heat island, such that the large cities (Bangkok Metropolis, Nonthaburi and Samutprakarn) and medium city (Nakornpatom) affected by the UHI phenomenon have similar air temperatures (isothermals), but different UHI locations and frequency of isothermals. In the large cities (Bangkok Metropolis, Nonthaburi and Samutprakarn) UHI was detected in many locations, because these cities are very built up (the main material surfaces are concrete and glass). On the other hand, within the small city (Chachoengsao) the UHI was detected less than in the large cities and medium city. Figures 4 to 6 show an isothermal map of the large cities, a medium city and a small city. These maps were created based on the field survey of two representative periods; the weekend was collected on Sunday 10th March 2007 at 10 p.m. and the weekday was collected on Wednesday 12th March 2007 at 10 p.m. From these figures it can be seen that the large and medium cities had similar temperatures; their temperature on the weekday (Wednesday) and the weekend (Sunday) differed by about 1.5-2°C. The small city had different temperatures from the large and medium cities by about 1-3°C; its temperature on the weekday (Wednesday) differed by about 2-3°C and the weekend (Sunday) differed by about 1-1.5°C. This is because almost all of the material surfaces in the small city are vegetation and water resources (which provide more humidity than concrete and glass). The highest temperature in a day was created at 9.30-11.00 p.m.; on the weekday (Wednesday) the detected temperature was 29.44°C and on the weekend (Sunday) it was 28.78°C. This was obtained at the centre of the study area located in the Bangkok Metropolis in the Bangna-Trad zone and the Vipavadee-Rangsit zone. In green and humid areas (forestry, parks and recreation areas), the detected temperature was 27.5°C and the lowest temperature found in agriculture and water resource areas was 23°C. Thus, UHIs are located in built up areas of cities, where almost all of their features are concrete, asphalt and glass, such as urban and commercial areas, residential areas and industrial areas.
Managing the heat island in the urban context
This study found that almost all UHI areas occurred where there was a lack of vegetative and humid areas. When the size of cities is compared, it was found that large and medium cities have heat emitting rates that are slower than those of the small city, because the small city has less bulk of built up areas and many vegetative and humid areas. In terms of UHI management strategy, the heat island phenomenon should be determined particularly in urban and surrounding areas. The related authorities should recognize and set policies in order to reduce UHI problem. For example, the provision of a buffer of green and humid areas, and more green activity areas such as parks and recreation areas contribute to a cities' green network. Construction standards should be set such that surface material for construction should be light coloured and smooth.
Conclusions
The UHI effect is a complex, site-specific phenomenon and can therefore vary in time and place. Many factors can alter the strength of the UHI effect on any day or in any location. Some of these factors include: season, weather conditions, urban characteristics, and anthropometric heat. Heat islands develop in areas that contain a high percentage of water-resistant surfaces and a low percentage of vegetation and humidity surfaces. Both the city's size difference and continued development of built up areas may increase the heat island conditions.
